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SUBSTITUTE SPECIFICATION 

DIGITAL FM DEMODULATOR WITH REDUCED 
QUANTIZATION NOISE 



BACKGROUND OF THE INVENTION 

1 .Field of the Invention 

The present inventioV relates to digital frequency-modulation (FM) 
demodulation and more particularly, to a digital FM demodulator that extracts a 
di.yiial time sequence from aA intermediate frequency (IF) carrier while reducing 
q u 'liization error and eliminating a requirement of a reference clock. 

2 . ! v-scriptioii of the Prior Art 

Frequency modulation (FM) ii an important and common method of 
inf. .?n nation conveyance in radio communication systems. The receiver end of the 
syMiMu contains the FM demodulation circuit which is often of analog including a 
(U .vir circuit and a phase lock loop (WLL) circuit, Often, the necessary circuitry 
to Moment an FM demodulator is constructed on an integrated circuit chip. If 
11 w : lector is brought into the integrated oircuit, then a larger chip area is 
n: : ^d. If the PLL is built into the integrated circuit, then an external capacitor is 
ncc \ .->aiy outside the chip. 

If the modulated signal requires digital signal processing after demodulation, 
th-v . '.ie circuit described above requires an ana\og-to-digital converter to convert 
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the (demodulated analog signalWo digital signal The analog signal is easily 
ini red with, by noise. To reduce noise, the digital FM demodulator will first 
co, it the modulated intennediatX-ftequency (IF) signal into a digital signal by 
wa v of an analog-to-digital converter thereafter using a digital signal processor to 
dc 'ulate the modulation signal Th^matog-to-digital converter and digital 
si : . processor used in the conventionaKdigital FM demodulator must operate at 
hir 1 speed to demodulate the modulation signal in real time. The system could use 
at ence clock with a multiple-fold frequency of modulation signal for sampling 
ti" ut signal to detect its phase change and then demodulate the signal, but such 
to : ol ogy requires a high frequency reference clock. 

The conventional methods of digital RF communication always need to 
co t the analog signal into digital signal in the receiver end with the drawbacks 
ol ceasing the circuit complexity. Thus, a demodulation circuit combining the 
do .-Vji* circuit of a PLL with a carefully chosen analog-to-digital circuit to reduce 
qm rization error could result in accurate demodulation\while simplifying circuit 



d? ' :V 



2 



Received from < 410 461 30 V > at 7/1 5/02 3:54:35 PM [Eastern Daylight Time] 



JUL-15-02 tICN 04:02 PM ROSE10G KLEIN LEE FAX NO. 410 4^067 P. 

SUMMARY OF THE INVENTION 
Tt is therefore a primary objective of the present invention to provide a new 
digital FM demodulator applicable to radio communication systems such as 
pagers, cellular phones, Global Positioning Satellite (GPS) systems, and Digital 
'Enhanced Cordless Telecommunication YDECT) systems. 

The next objective of die present indention is to provide a digital FM 
demodulator implemented with an analog-to-di gital converter, The input 
intermediate-frequency signal passes through the inventive demodulator thereby 
generating a digital signal including a high-frequency quantization noise signal. 
Then, by way of a low-pass filter, the quantized noise signal is filtered to acquire 
the baseband signal. \ 

A further objective of the present inventions to provide a digital FM 
demodulator which adapts a PLL structure and utilizes die concept of delta-sigma 
analog-to-digital conversion which docs not requira external components or a high 
frequency reference clock. ■ \ 

. The present invention provides advantages over similar systems in the prior 
art by using delay lines as the timing reference and by adapting the concept of 
delia-siema analog-to-digital conversion to achieve the tmie-to-digital conversion 
of digital FM demodulation. This digital FM demodulator Includes delay lines, an 
m-to-l multiplexer, a phase detector, a charge pump circuit^ quantizer and a 
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digital integrator. The modulation signal on an intermediate frequency carrier 
passes through the delay lines, each having a delay time of around one cycle time, 
and the phase of the delayed signalis compared with the phase of the original 
signal. This comparison produces a pulse which is applied to the charge pump 

. circuit where a cumulative, charge is stored in a capacilOT. This charge is quantized 
into a voltage level which is accumulated by the digital integrator. Then, a new 
sample of another output signal of the delay lines is taken and compared in phase 
with the input signal. This system is similar to a PLL, i.e., it is a feedback system 
taking phase as the error signal. The quantised digital signal will feed through die 
low-pass filter defined by the sampling rate it the system to filter out high 
frequency noise and get the original modulation signal, i.e., the modulation signal 

■ is the digital output signal, 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The drawings disclose an ilhistrativ&embodiment of the present invention, 
which serve to exemplify the various advan\ages and objects thereof, and are as 

lb! lows: 

Fijr, 1 is the circuit block diagram of the fyigital FM demodulator according to 
the present invention. 

Fig, 2 is the circuit waveform of the digital FM demodulator according to the 

present invention. 

Fig. 3 is the system structure of the digital f M demodulator according to the 

present invention. 
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DBTA I LED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Please refer to Fig.l, which illustrates the circuit block diagram of the digital 
KM demodulator. The modulation sWal, Ai(t), is fed into reference delay lines 
] 1 , said reference delay lines 1 1 including coarse delay line 1 1 1 and fine delay line 
•', • 112. The il:!i,v times of delay lines Inland 112 are controlled separately by other 
h circuits. The ! me delay lines 1 1 2 have Multiple output signals Ail(t), Ai2(t), 
l \. A i3(t). . . Ai which could be expressed Vis follows: 
/ : Aij(t)=Ai(i-. , :>j*T), \ 
where, \ 
Tc is the tota' fixed delay time of the coarse delay lines, and 
t it the unit f ';>y time of fine delay lines. \ 

The tn . . - 1 multiplexer 12 selects one of the output signals AiO(t), Ail(t), 
. A i (t) 3 ..., Af '..' from fine delay lines 112 as delated signal, Aid. The phase 
do-ector 13 c-v .-.pares the phase difference betweeiAAid and Ai, then generates an 
uj. or down . aal. If the rising edge of Aid leads th\ Ai signal, the up signal will 
bs generated ; s an effective pulse having a pulse width equivalent to the time 
d .Terence b • een the rising edges of Ai and Aid, and Wie down signal will not be 
g nerated. ': . total delay time impressed on the Ai signal by passing through the 
"(• lay lines i fc+d V, and the pulse width will equal to VT-Tc-dV where d is 
t! e number i ,'ne delay lines and "Tc+d*t" is smaller thaAperiod T of the Ai 
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signal. Similar y, if the rising cdgXof Aid lags the Ai signal, a down signal pulse 
hi> ving a pulse . idth equal to the timfe difference of Aid and Ai, i.e., the pulse 
width will be c . jal to "Tc+d*i-T". \ 

The phase detector output value isVonsidered positive when Aid leads the Ai 
sipnal, while j! value is considered neganVe when Aid lags the Ai signal. The 
pulses of the v.; und down signals are applied to trigger the charge pump circuit 14 
for charging ai i discharging a capacitor, Cc, Vhich generates a voltage difference, 
VI- the voltage ve! of which is proportional toVhe time difference or phase 
d iffetence of i A i d and Ai signals. Each cycleW the modulated input signal will 
generate a Vf hich is accumulated in storage capacitor Cc. The stored voltage 
will be quanta d by quantizer 15 to generate a bit shVam digital signal y(k), which 
is the output (V. :ai sequence of the total system. \ 

Quantize i5 is a analog-lo-digital converter whichtaay be a one-bit or 
multiple-bit c< verier. A one-bit converter may be impleirfcntcd by a voltage 
comparator. 1 ' ie preferred embodiment, the quantizer 15 iV a one-bit voltage 

comparator. \ 

Digital it. egrator 16 accumulates the output digital signal ttk). Tn the 
preferred emb 'iment, digital integrator 16 is an up-down countcrUaking the 
output of quai :er 1 5 as its input. The counter output signal will seW one output 
Aid signal from the fine delay lines by way of multiplexer 12. Thus, the delay time 
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of the Aid signal is controlled by Wput signal y(k). The applied delay will be 
increased by one unit tune ify(k)=V Conversely, the delay of Aid will decrease 
one unit delay i f y(V)=0. Thus, the system functions similarly to a PLL. The output 
signal y(k) is fed back to adjust the AiM delay time and make the next rising edge 
of Ai signal arrive at phase detector 13 Wultaneously with the rising edge of Aid. 
The Aid signal Is delayed by one cycle of the Ai signal when the system is locked. 

Referring to Fig.2, the circuit waveforms of the digital FM demodulator 
according to the present invention are showV T(k) is the kth cycle time of the 
modulated input signal and P(k) is the time difference of rising edge of Aid and the 
next Ai cycle. The effective pulse of the up signal means P(k) is a positive value, 
and the down signal makes P(K) negative. Bcca\ise die maximum frequency shift 
of input modulation signal is much smaller than Arrier frequency, the change of 
T(k) is small, iV.atiw. to carrier cycle Tc. The effec\ive pulse of the up signal and 
the down signal only happens at the rising edge of A\d and Ai signals and the 
effective pulse is transferred to Vf in storage capacitoACc by way of charge pump 
circuit 14 before the arrival of the falling edge. The fallW edge of Ai could be 
used as the tri< «er clock of the quantizer 15 and counter \6. Thus, the system does 
not require an -xtcinal reference clock. 

Using tl • wa dorm diagram of Fig.2, a formula may \c developed as 

follows : 
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. P(k+l)=P(k)+T( k)-T(k-l)+y(\)*x , 
where 

AT(k)-T(k)-T(k^;. 
Therefore, we ce-ald get 
P(kM)=P(k)+ A' ' )+y(k)*x. 

If V(k) is the en- (or voltage at thcVth cycle as shown in Fig.2, we could see 
V(l<) signal is g- . ated by V(k-1) and\an le signal to charge/discharge Cc during 
up or down sigv *• ffective pulse periodWl an lb to charge/discharge Cc during 
kth cycle, i.e., tl. .'ittage is determined b\ three parameters. The change in 
voltage on Cc i . o at ktb cycle is : 
A\T,._a=Tc/Cc*l 

If the trigger el. is the input modulation signal Ai, then the change in the Cc 
when charge-d u.:ixge is at the kth cycle will l^e, 
A Vrb=y(k) + ] 'Cc.*|T(k)+T(k-H)]/2 . 
Then, 

A Vf"AVf_a-hi '■; ',), 

V(k+l)=V(k) < {y(k)*(lb/Cc)*[T(k)+T(k+l)]/2}+{llCc*P(k)} 
Because the m . <inum frequency shift is much smaller than carrier frequency, the 
T (k) is approx • : "?ly equal to carrier cycle Tc and 
V(k+1)-V(k) ; lc/Cc*P(k)+y(k)*(lb/Cc)*Tc . 
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Assume A=Tc/G: 
V(!-+l)=V(k)+/ 
Inserting P(k+l 
V(k+l)-V(k>/ 
The quantized o 
Referring, 
to Hie present i 
stricture deve'.s 
dL.erence of ' 
Inconce 
cov volitional. : 
ni 'se signal : • 
systems, the o 
quantized noi 
si dlfu' to co.. 
tl; output di«.<: 
signal. In 1.1 r. 
o mtizednr; 

'i'liC t.'i' . 

ever conve.i . 



and B=(Ib/Cc)*Tc. Then, 
!\'k+l)-i-B*y(k) . 
nto the aboye formula, we get 
• \ p(k)+ AT(k\+y(k)*^]+B*y(k) 
•: nt of V(k), y\k) is the total system output. 
. Fig.3, the system structure of digital FM demodulator according 
-virion is shown. YThis diagram illustrates a two level delta-sigma 

I from the analysis above. The input is AT(k), the signal 
;, .ndT(k-l). 

•«ic output signal, y(kV of the present invention is similar to a 
'.-digital converter output signal. In both systems, the quantized 
■d into the high frequency region. However, in conventional 
; digital signal y(k) is fir\t accumulated and then filtered from 
. .• a digital filter to get the Modulation signal. This technology is 
'.™al delta-sigma analog-toWital converters. As shown above, 
gnal is produced by differenViation of the original modulation 
■m of the present invention, thfeyflc) signal is filtered out of the 
- way of a low-pass digital filteftbcfore signal accumulation, 
vention provides an FM digital demodulator wilh advantages 
lechnology as follows: 
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1. T -method and circuit of the present invention is applicable in radio 
coPM'minicatr ysiems, sach as pa^rs, cellular phones, GPS systems, and DECT 



sys 'in s. 



2. 'T \z or. 
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esent invention provides a digital modulation demodulator 



A . structure and utilize the concept of delta-si gm a analog-to- 
vi'hout requiring extenkl components or a high frequency 
o as to allow ease of integration. 

.resent invention provides a digital modulation demodulator with 
e lodulation and analog-toWital conversion. The input of 
uency signal passes through yie inventive demodulator and 
! signal including high-frequency quantization noise. Then, by 
u low-pass filter, the quantteedWse signal is filtered to acquire 

i&i. \ 

and modifications in the abovddescribed embodiment of the 

T-Mrse, be carried out without deputing from the scope thereof, 
or mote the progress in science and fte useful arts, the invention 

intended to be limited only by fhe spppe of the appended 
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